Purified 15 S globin mRNA-prote1n (mRNP) complexes obtained by EDTA dissociation of duck reticulocytes polyribosomes were digested with the calcium dependant Staphylococau aunuu, nuclease (EC 3. 1. 4. 7.). 25 % of the globin mRNA sequences were resistant to extensive nuclease digestion as determined by TCA precipitation of the digested 15 S particles labelled In vivo with tritiated uridine.
INTRODUCTION
Messenger RNA in the reticulocyte cytoplasm is associated with proteins to form messenger ribonucleoprotein (mRNP) complexes. In the case of globin m RNA 2 kinds of mRNP complexes have been previously described : the actively translated polyribosomal 15 S mRNP and the repressed 20 S mRNP found in the post-polyribosomal supernatant (1, 29) .
The 15 S globin mRNP released from polyribosomes by EDTA has a characteristic protein composition (2) which includes a major 73,000 MW polypeptide bound to the 3' terminal poly(A) segment (3), similar to that found for a variety of other messenger molecules (4-7). Electron microscopy data obtained by dark-field visualization of duck globin 15 S mRNP particles has shown that proteins are distributed along all of the messenger molecule although not uniformly (8) . Data obtained using optical methods have shown the highly bi-helical conformation of duck-globin mRNA and a strong interaction of proteins with mRNA and its poly(A) sequence at the 3'-0H end (9, 10).
In the case of nuclear RNP, results following Staphylococcal nuclease digestion have shown that about 15 % of the rapidly labelled RNA is protected by its associated proteins, and that the size of the protected fragments is around 26 nucleotides (11). The aim of the present work was to study the mRNA-protein Interaction 1n 15 S duck globin mRNP particles using a similar procedure, 1n particular to test whether proteins interact with specific regions of the messenger molecule or if they are distributed randomly. Polyacrylamide gel electrophoresis of Staphylococcal nuclease resistant oligonucleotides from digested 15 S mRNP showed that they were distributed in two classes, with molecular weights of 25,000 daltons and 12,000 daltons respectively. The Ti fingerprint of such nuclease resistant oligonucleotides was compared to that obtained for purified duck globin 9 S mRNA after In vWio labelling with l25-1odine. The results obtained showed that a specific subset of oligonucleotides sequences of the total messenger molecule are protected against Staphylococcal nuclease digestion by the proteins of 15 S mRNP particle.
MATERIAL AND METHODS
Phosphata buffer -5 mM sodium phosphate pH 6.7, 50 uM CaCl 2 1st dimension buffer -5 % acetic add, 2 mM EDTA in 7 M urea adjustedto pH 3.5 with pyridine. TENA buffer -10 mM NaCl, 10 mM TEA pH 7.4. Homomixture C -prepared essentially as described by BROWNLEE (12 Polyacrylamide gel analysis : RNA was analysed by electrophoresis on aqueous 4 -16 % exponential polyacrylamide gels in quartz tubes at 18°C, 10 volts/cm, for 2 hours, scanned at 260 nm and cut into 3 mm slices as described elsewhere (21). Gel slices were counted for radioactivity with 2 ml of PCS (AMERSHAM) after overnight hydrolysis with 200 ul 30 % H 2 0 2 at 65°C. Proteins were analysed on uniform 13 % SDS-polyacrylamide slab gels using a discontinuous buffer system (22).
RESULTS
Nuclease digestion of 15 S mRNP : Globin 15 S polyribosomal messenger ribonucleoprotein particles unlabelled or labelled in vivo with 3 H-uridine, were digested with calcium dependent Staphylococcal nuclease as described in material and methods. Phenol extracted proteins from nuclease digested mRNP were acetone precipitated and loaded on a uniform 13 % SDS-polyacrylamide gel. The protein pattern obtained is shown on figure 2 -B. It is similar to that obtained previously using intact 15 S particles (2, 3, 23) showing that no proteins are lost during nuclease digestion. Fingerprint analysis -Duck globin 9 S mRNA was iodinated in VAJJIO, digested with Ti ribonuclease and subjected to fingerprint analysis as described in "Methods" (Figure 3 ). This fingerprint is characterized by the numbered oligoribonucleotides depicted in the figure, and it is very similar to that obtained by ROBERTSON et al for Iodinated duck globin mRNA (24) . We recall that this fingerprint shows exclusively the cytosine containing oligoribonucleotides from a and 6 duck globin chains. Comparison of this fingerprint with that of the 15 S mRNP phenol-extracted RNA shows an identical pattern (result not shown).
Iodinated RNA fragments obtained from 15 S mRNP after Staphylococcal nuclease digestion were analysed by fingerprint after Ti ribonuclease diges- 125-iodine-9 S mRNA was digested with T^ribonuclease for 60 minutes at 37°C at an enzyme : RNA ratio of 1:20. The digested material was ionophoresed in the first dimension at 4.000 volts for 60 minutes on cellulose-acetate in pyridine-acetate buffer pH 3.5. The cellulose strip containing the radioactivity was transfered to a DEAE-cellulose thin layer plate and homochromatographed for 6 hours at 65°C with homomixture C (second dimension). The first dimension is from left to right and second dimension is botton to top. The dotted circle indicated the position of the xylene cyanol blue marker. In an effort to test the possibility of the existence of other possibly more specific service or regulatory sequence interactions with specific proteins, we undertook the analysis of the polyribosomal messenger-RNP complex in avian erythroblasts. The data related above represent our first observations in favour of the existence of such specific mRNA-sequence protein interactions.
Evidence is provided that in cytoplasmic polyribosomal globin mRNP particles specific sequences amounting to approximately 25 % of the messenger That proteins interact with regions of secondary structure within mRNA is evident comparing figures 3, 4 and 5, showing the Ti fingerprints respec-tively of 9 S mRNA, of the oligoribonucleotides from the RNP resistant to Staphylococcal nuclease attack and of 9 S mRNA digested at 0.5 H NaCl. At least one of the newly appearing oligonucleotides in the fingerprint of the protected RNA in the mRNP (spot B of Figure 4) is present in the fingerprint of the mRNA digested by 1"i ribonuclease in high-salt (0.5 M) conditions ( Figure 5 ) providing evidence that some of the protected oligoribonucleotides are derived from regions containing a high degree of secondary structure.
Two identifiable regions of mRNA molecules have been proposed as putative binding sites for proteins : the 5'-terminal cap structure (30) and the 3'-0H poly(A)-stretch of the mRNA (3-7). We believe that other binding sites must exist since electron microscope visualization of 15 S mRNP particles showed that proteins are located at several different points along the messenger molecule (8) . As yet it is not cjear whether the protected oligoribonucleotide sequences which we observed in this investigation, lie in the coding, or the non-coding region or in both of the mRNA molecules. Sequencing studies will allow us to answer this question.
